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FOREWORD

The ressnrh reported in this paper was accomplisbed in tbe RadiobtoloM Div-kn,
under task. No. 7757O), frnm Novsrnber 194S W Novnnbar 19-6. Th* e nort was
aubnxitt~d for publication on 13 March 19Wt).

The irndlatiorn of %.he dogs was perforzmed at the THIGA Fast Bunst Reactor,
Nortbrcp Corporate LUbratnrk-s, Hlawthorne. C-alt!., and at the Whit. Sane Mimele
LLva., N. Mex. Pvitrne'try measurewment were made by £-G&C, Inc., Santa Barbara.,
Caltf., and by the Radiaticn Phyafrn Brar~ch at the kfrboal

For their technktl esanethem authsr Is tn4.bted to Bobert X. Colii an~d Altnn
flAb. of the Biomnetrics Div-is~n, as well as to Mdazter Serguen-t S1u~cesFP. Rne* a

9 ~the Radioblology Divrsxon-

The animals involved in this study wtre maintain-k in aecc-rd~n-ce with the "Guidde
' For L~abnratory Animal Facilities and Camr" as publitab~i by the NationalI Academy of
Sdecins-Natlonal Re-searcb Counen.

110a report has been reviewe-d and is appmrod.
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Sixteen dots were aaed to determines the effceýt ol ilonlstnr radiation on caznine
1-!,rntir.The animals were run on at trrndmfn, at spe-eds of 3 t,5mnp h. fcr

cýsi" trhe support for-mula c-ould be demnotant,-d Kfter -rsda~ttcr, nmotartlxtus
sgiia cýould ble applied be-cause of the limited number of tdb2ectU involvedi and
btasofthe gi-rat variation In eu-.4sure levels adIn neutmnimga.mmA ratios.
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OHM$ OF RWEAP ON CASE LfiOTMX4

t¶

r1. INTHODICTION All of the previ us investigators who used

dogs on te-eadri ll were seeking information
u~i :ttorazr r-tr. di" w pr"r relating tý bit-Kod chang s. respiration, or the

formalice decrement after high dosei of radi- effects (if x-lrr-adieatin on ph---siz_ ax-ci-se 44),
ration is that of ga~thering sufficlent data on No swrk hasQ beer 6 ne w1 -er lwoomotion p~at-

which to base statistically signiificaRnt conclu- terms or support forrih- olas orer used to study
cln.This problem stemns from the long train- performance decrement after supralethaJ doses

ing time required to condition animals to of radiation.
perform a difficult task with a high degree of

I ef CIc iency.1I. MATERIALS AND METHlODS
Although primates may heý the best miodelsIfo-r roan in studies on the- effects of radiation oirldgQtý 2y-sodndwgh

wli sogta Idlfuxhchmr-aa ig1 0k. eetandt u nnbhavioral patterns, another sýuitable animal Mong rel do2 gs) (1 r toryarsodine d wrneigh-

ccoid beaccmulaed n a hortr perio of treadmill. 'the dogs w'pre startedi at very slowN
cr ldme. T i accumual wateeed in h rte perio d of spe-0is and for sýhort periods of time until they

time.r Thi a fncima owsnee in prohpcangse in lae acustomred to t 'he pro_ýcedure. They

resceac on-. aqiibim func corintion inr wihc angsi were rtestraiined on the treadmill, in a Plexiglas

c.muscletoeeqiib riumno orl bedtcrdinaftioer acage, by a harness snap attached toj thei cage
cimorinatlijionbut ld nut onlybedetectedllo afcrter and to a choke-chain. The training p-erio-d

interpretation of minute changes. l.e prxmtl w nI:The -:ugg-,ste-c animal was the dog, and the The initial pro-blem, of establishing b~oth the
seleccte-d project xas. thec examination of canine exact inst-ant at which each one of a dog'sA

lucmti~nor, ore pre-cisely, the support feet touched the surface of the treadmill

fc-rrula. The mnovements involved in locom&u belIt and the time period during which each

ti-o display an extremely widespread synerg-y, fooQt was in contact with the belt, was solved by
incorp-orating the whole musculature and the use of a micnu-switch enclosed in 31"2 RTV en-

enitire mouving skeleton, and bring into play a cApeulant and prevulcanized Silasatic 372 (both
large niumber of areas and' conduction path- are produced by Dok-w Comning C-orp., Midland,

wa~ys of the central nervous isystemn (1). Mich.). These s3witches were taped to the

Howkever, many o'f the reflIex 'movements bottom of each foot. The sig-nal device had
in maintaining equilibrium are initiate-d by to3 be: (a.) moisture proo~f (to resist vomitus

proprio-ceptors in joints, muscle~s, or ten- and ferces) -,(b) dependable fo.: several hours

dons; and these responses do not depend upon of use; and (c) capable of a fast response timneI either the cerebral corte~x or the cereb-ellum (2).
As has bee-n shown by slow motion photog- The foot signals were relayed to a monitor

raphy. a great deal of variation exists be-tween panel and an os-cilloscope so th'at the researcher
animals fo)r any given gait; but, for the sanie could determine if all switches were function-
animnal, little change in locomnotion occurs from ing properly. The sig-nals wereý also relaye-d
da~y to day (3). toj a talpe recorder foe future at~ialysis.
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Ten dogs were irradiated at the Northrop 10 rain. The airnals were rested for 5 min.
Corporate Reactor in July 1969 The neutron- and the cycle waz repeated. The radiation
Sgamma ratio wp about 1:20, and the reapec- pulse occurred 1 min. after the dog began
ttve dogp r-ceived the foliownng midhead acrses: running the &eeond cycle. Each animal w•s

run for 3 periodAs (51 min.i postexposure, or
until collapse.MWi•LA oRad & s

Dog No. (_ad___ Six dlgo were irradiated at th- White Sands

S5•>:H5 •Missile Range in November 1969. The neutron-

SS75 gamrna ratio was 9:1, and the rcspective dogs
rectived the following midbody doses:

20p;

3215 Dog No. Midbody d4,,
(.adg)

S31Q5 I 127t)

4 11 20

3 4270 -175

10 3115 4 12)

The dogs were ba-gelined at 3 rxp.h, f,r ; 1296

2 rain., 5 m.p.h. for 2 min., and at 3 m.p.h. f,:r 1050

DO KOF N61

5M 2 -Z I
W I I C-0

12o AZI
3-M5 0 Fat

3- 521 1 FH1
3 W 4 ANt
3105 2 FI4
4W"0 0 F N
4M) 0 FHO
53V5 2 FN$

IW-1jURST(TII:IE IN MINUTES)ii
F1G7JIE 1

2
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-5 60B 4 1270

4 inB I 715

I1 meL6 1290

2- SJS 300

I-I

ftir 3 401150 6
POST-BURST MWIE IN IMINUTES)

*Thevst dogs were ba-se rinc- at ý m ~ h. fur 23 min. p,_ tirr~idiativr-ancl, in the low-dose
15 n-in. They were resteJ f ,r 5 min.i arnd ther rargu. at 52 min pA-tirradiation.
woýre min fu-r 1 rmm. btfore irrallmatvim.Ec

*ai~inmhl perforroo-d fur 4 cycles (74 min.) A ny ohangt in perforniance of doigs in the

pste rx pus u re. high-dose group was difficult t7in perceive until
Jus t pr-ior ti an animal's collapse. In the
animnnV in the lrow-dose gro -p, n(, change was

Ill. RESULT'S visible; but the variation that cccurred in the
suLppo.rt furmiula of one dog (1290 rads) is

The rnc~t con-mocn sviyptomn in the dogsý iliustirat-d. in figure B. This chtnge i5 typic~al
"* fter irridiatiun was enmesiL (figs. 1 and 2). of all animrals in the low-icse group-6, except for

D~ata on thin symptom, o~bstrved in 11 of the thr- dog 6hich resceivel 79ýi rads.
16 animnals, arc included6 in t-able 1,

Because oif the unreliabie reproducibility of
Within e~ach groýup of dogs, no dcosto-tk- the treadmill-bElt speed6 at the Northrop Re-

emesis relationship was u;pparent. In the high- act,.r, prfe- and postirradiation chartq ýcould riot
doýse range, however. erne-sii -xcurre-d at ahx~ut be compared with any degree of confidence.
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TABLE I TV. CONCLUSIONS

Su mary,' of ata an irvraiation of dogs. According to the retults of this research,

minor changes in the c&niUe support formula
Dog No. Doze (No. of PostirrAdatior occur-red after the dogs r--eived supralothal

(red.) times) t•me (mnn.) dosea of radiation. The animals which col-

Is 005 2 14-2lapsed after high-radiation exjxsure showed
l214-20 little change in locomotion :nvolving equilib-

La 237! 1 2Q ri.i mn, No staggering or zumrbiieg was ob-
In3 :3ý?O 3 40 tprved in the animals until Just prior to their

41 3S®5 0 DLk7 at 11 c,,lapse.
A,1ZS 1 20

Univ one animal that went down was able2 4 130 ty get up and perform after a short rest period.

"""13, 2 2630 This dog; worked for aibut 2 min. before col-

ya 4j1C' 1 D7,n as 2 iaping agiin.
* 9a 427. 0 Down at 8 and 1.

Ina 3.315 2 14 -20 In these two experrnents, no statistically
lb 127- 3 35- 62 significant data were collected concerning the
Lb 2,- ,, -effects of ionizing radiation on canine loco-
3b 76 4 50 - motion: but the technics and methodology for
4b 12,, o - measuring the minute changes in locomotion
5b 1 r, 1 patterns were successful and may he applied
Oh 1150 1 52 to other experimental deAigns. Another im-

N -- rL si ThrtSant asppect of these experiments was the
I-, Ahi, S.: . W,- R,, production of emesis.
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- Sirxten cogs zero used to determine the effect of iocizing radiation on cantne
:-st icn. The s'nlr~s w"r run on a tresadll, at speeds of 3 to 5 a.p.h. for
perc-.,s of 60 to 75 srn., vith intermittent rest periods. Micro•witchee wvor
attathen to earh dog's faet to determine the eowntime for each foot. The radiation
axpq'urns roapd from 380 to 5005 reds of neftrcin-gaaaw ratios of 1:20 for ten dogs
and 1'.i for the ether six anisals. The mot common symptom after radiation erxpoure
was vomiting. However, the emetis did rot tppear to be dose dependent. Although
changes in the stncrt fortLla could be demonstrated after irradiation, no statistical
siirAficanine could be applied because of the limited number of subjects involved and
"t-eau.e of the ý;teat variation in exposure levels and in neutron-gamea ratios.
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